Eich {1985) recently presented a distributed memory model in which the pattern of results used to support the levels-of-processing view of Craik and Lockhart (1972) was modeled by different degrees of similarity between the encoding context and the to-be-recalled item. We report two experiments in which both phonemic and semantic similarity were varied between pairs of words and incidental acquisition (rhyme vs. category judgments) was varied across the same pairs of items. In both experiments the manipulation of the acquisition task produced a difference in cued-recall performance for positive and negative rhyme and category judgments. Recall was better following a category encoding decision than following a rhyme decision. This difference was independent of the effects of similarity, which demonstrated that Eich*s (1985) assumptions regarding the effects of similarity are not sufficient to account for the differences resulting from the manner in which subjects encode information. An alternative method of modeling the levels-of-processing effect within the framework of distributed memory models is proposed.
The levels-of-processing approach has been an influential framework for research in human memory since Craik and Lockhart's seminal (1972) paper. According to the levels-ofprocessing view, memory for events is determined by the type of processing that is performed on the to-be-encoded material. Recently, Eich (1985) has offered a different theoretical interpretation of the typical results used to support the levels of processing framework. According to Eich's view, differences in memory performance between encoding conditions result from differences in the degree of similarity between the target items and their respective context. The present article contrasts the levels-of-processing approach with Eich's similarity hypothesis and reports an empirical investigation that pits these two views against each other.
Levels of Processing
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Correspondence concerning this article should be addressed to Stephan Lewandowsky or William E. Hockley, Department of Psychology, University of Toronto, Toronto, Ontario M5S 1A1, Canada. quired a category judgment ("Is it in the category fruit?-CHERRY") or a rhyme judgment ("Does it rhyme with pond?-WAND"). These judgment tasks were assumed to emphasize semantic and phonemic processing, respectively. Orthogonal to manipulating the type of processing, the judgments required either a positive response (the target word was a member of the cue category or the word did rhyme with the cue) or a negative response (the target was not a member of the cue category or the target and cue did not rhyme). Subjects were not aware of the impending memory test, and when memory was measured through cued recall, Moscovitch and Craik found (a) a main effect of encoding condition: Cued recall was better when the target items had been presented in a category judgment than when the targets had involved rhyme judgments; (b) a main effect of response type: Cued recall was better when the category or rhyme judgment had required a positive response than when the judgment had required a negative response; and (c) an interaction of encoding condition and response type: The difference in cued recall between the encoding conditions was attenuated for negative responses. This pattern is representative of the outcome of many experiments that manipulated levels of processing (e.g., Craik & Tulving, 1975) .
The theoretical analysis of the levels-of-processing effect evolved from the assumption that memory is an incidental byproduct of perceptual and cognitive processing. The durability and discriminability of the memory trace was thus seen to be a function of the nature and quality of the encoding operations. The original levels-of-processing proposal (Craik & Lockhart, 1972) focused on the depth of processing as a determinant for memory performance. Depth of processing was seen to vary along a continuum from shallow (sensory) processing to deep (semantic) processing. According to this early conception of levels, the deeper the initial processing was, the better subsequent memory performance was expected to be.
Further findings led to the addition of constructs such as elab-oration within domains of encoding (Craik & Tulving, 1975; Lockhart, Craik, & Jacoby, 1976) , integration or congruency (Craik & Tulving, 1975) , and uniqueness or distinctiveness (Jacoby & Craik, 1979; Moscovitch & Craik, 1976) . These additions shifted emphasis away from the concept of depth of processing per se and toward qualitatively distinct encoding operations. In spite of these modifications, however, the core of the levels-of-processing framework continues to be "the fact that very different outcomes are observed in memory experiments as a function of different mental operations" (Craik & Lockhart, 1986, p. 361) . Tantamount to the importance of the levels-of-processing framework is the number of criticisms that have been leveled against it, It has been pointed out that the levels framework is inherently circular (cf. Nelson, 1977) , and that terms such as depth or domain of encoding lack formal definition (cf. Morris, Bransford, & Franks, 1977) . Consequently, a formal description of the levels-of-processing effect should be welcomed by most of the critics. Eich (1985) provided the first formal, detailed, and quantitative explanation for the levels-of-processing effect based on CHARM (composite holographic associative recall model; Eich, 1982) . In CHARM, items are represented as lists of ordered features (i.e., vectors). Two items are associated by means of the convolution of the two corresponding vectors. The convolved image is added to a composite memory trace. At recall the vector representing the context cue is correlated with the composite trace and the retrieved set of features is identified by being matched to every item in a lexicon. The item that yields the best match with the retrieved information is given as a response.
CHARM
In her 1985 article, Eich applied CHARM to the levels-of-processing domain. She chose to implement the levels-of-processing effect in a way that contrasted sharply with the view developed by Craik and Lockhart (1972) . She rejected the idea that the levels-of-processing effect necessarily is the result of different types of encoding operations, because she did "not assume that perceptual analysis produces different patterns of features to represent the same word . . . depending on the experimental condition" (Eich, 1985, p. 3) .' Put another way, in Eich's simulations the features of an item vector were invariant regardless of whether the orienting task emphasized phonemic or semantic aspects of the stimulus.
Consequently, in the simulations of CHARM the levels-of-processing effect was not located in the series of mental processes following the presentation of a stimulus but in the representation of the stimulus itself. In particular, Eich proposed that the similarity between the encoding context and the to-be-encoded item was greater in the deep encoding condition than in the shallow condition and that "recall of the target is an increasing function of the similarity of the context associated with the target, and the target" (Eich, 1985, p. 19) . As an example, consider the encoding questions "is the word a kind offish?-TROUT" (deep) and "does the word rhyme with shout?-TROUT" (shallow). According to Eich, the similarity between TROUT and fish in the first (deep) question is greater than the similarity between TROUT and shout in the second (shallow) encoding question. The observed differences in recall (or recognition; Eich provided a thumbnail sketch of a recognition version of CHARM that was able to model a levels-of-processing effect in recognition in the same fashion) are seen to be caused by the underlying differences in similarity.
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This view of levels of processing immediately gives rise to two questions. First, how can experimental precision and theoretical succinctness be achieved when resorting to a concept, such as similarity, that appears to be susceptible to problems of fuzziness and circularity; and, second, is this explanation not overly restrictive in that it can only apply to situations in which the encoding manipulations are confounded with nominal stimulus similarity?
Similarity
Similarity can be of great utility when used as a theoretical construct. In a computer simulation, for example, similarity may be useful because it can be given a strict operational definition. However, similarity is a fuzzy concept when applied directly to the empirical realm. For example, it has been suggested (e.g., James, 1890) that similarity is not antecedent to mental processes but a consequence thereof. Put another way, the identity of two stimulus items (i.e., their nominal similarity) may bear no correlation with the functional (i.e., psychological) similarity as perceived by the subject. If one adopted the functional view of similarity, it would be impossible to assess similarity independent of mental processes. Thus, in the levels-ofprocessing domain, it would be impossible to assess similarity independent of recall performance. The circularity of the levels approach (cf. Nelson, 1977) would continue its spins, and such a similarity interpretation of levels would have substituted one circular mentalistic concept (similarity) for another (depth).
However, Eich defined similarity operationally as the number 1 In the extreme case Eich's statement seems to imply that qualitatively unchanged encoding processes occur even when the legibility of the stimulus is virtually nil or when subjects pay no attention to the words. However, Eich did state that all features must be encoded for her implementation of levels to apply. Consequently, in order to allow a fair test of CHARM, one should not consider marginal encoding conditions. For the subsequent discussion, we therefore restrict our scope to include only encoding manipulations that require treatment of the word as a whole. This excludes situations in which subjects have to count letters or vowels because these manipulations may even constitute a distractor task that inhibits encoding of ail features of the stimulus, as is assumed by CHARM. Instead, in line with Eich's (1985} article, we focus on tasks that require semantic or phonemic analysis of the items as a whole.
2 CHARM'S explanation has been criticized by Craik and Lockhart (1986) in a theoretical article that takes issue with Eich's (1985) proposal. One of the criticisms is that CHARM can only account for encoding judgments that require a positive (yes) response. For negatives (e.g., "does the word rhyme with shout?-HOTEL" and "is the word a kind of fish-HOTEL") it is virtually impossible to envisage systematic differences in similarity between encoding conditions. Therefore, CHARM cannot predict a levels effect for negatives, a shortcoming that is explored in detail in Craik and Lockhart's (1986) theoretical note. Consequently, in the subsequent discussion any levels effect for negatives must be recognized as damaging to Eich's analysis, and we will not take up that point again before the Genera! Discussion. of features shared in common by two items. An increase in similarity was simulated by increasing the number of features that are shared by two items. This feature overlap, in turn, can be assessed by rating tasks, so that "the similarity among items may be ascertained independently of recall" (Eich, 1985,p. 21) . Therefore, much to Eich's credit, it is possible to test her explanation by examining or manipulating similarity between items by using subjects' ratings.
Eich performed an experiment in which subjects rated items that had been used in a previous levels-of-processing study (Fisher & Craik, 1977) for their similarity, which allowed predictions (or postdictions) of CHARM'S performance. Eich found that items used in the "deep" encoding condition were indeed more similar to each other than those used in the "shallow" condition. This demonstrates that Eich's explanation is viable for the Fisher and Craik study, but it does not guarantee that such an explanation would encompass all of the findings that have been used to support the levels-of-processing framework.
Stimulus Confounding
Given Eich's concept of similarity, her interpretation can apply to only those situations in which the stimulus materials differed between encoding conditions. When stimulus materials are held constant, CHARM cannot predict a difference in memory performance for different encoding conditions. Surprisingly, in 14 years of research on levels, there are only two studies known to us in which the stimulus material was not confounded with levels of processing. Furthermore, both of these studies used encoding manipulations that failed to ensure that the item was processed as a whole. In the experiments of Epstein, Phillips, and Johnson (1975) the shallow condition involved a letter-counting task. Similarly, in the shallow encoding condition of Graf and Schacter (1985, Experiment 1) subjects had to compare the number of vowels present in the stimulus words.
These two studies do not present a fair test of CHARM'S predictions because it is not altogether clear whether subjects had to read the stimulus words at all in the shallow encoding conditions. Consequently, CHARM'S position could be that in these unusual encoding situations only a subset of the features is encoded.
Aside from these two examples, previous studies of levels of processing have always confounded the particular materials used with the encoding manipulation. Whereas the target items in previous experiments would usually be the same in all encoding conditions (e.g., Craik & Tulving, 1975) , the contextual frame provided at encoding would always differ between conditions. Obviously, something must differ between encoding conditions to operationalize the variable of interest. And changing the sentence frame was the most readily available way to induce different types of cognitive processing across encoding conditions. However, owing to the use of contextual frames, all levels studies varied nominal identity-and therefore similarity-of the stimuli in addition to manipulating the nature of the orienting task.
Consequently, disregarding negatives, Eich's interpretation of the levels-of-processing effect cannot be ruled out on the basis of extant data. If her interpretation were found to be correct. it could raise the spectre that the levels-of-processing phenomenon may be the result of a confounding of stimulus material.
Levels Versus CHARM Eich's interpretation of the levels-of-processing effect stands in clear contrast to Craik and Lockhart's (1972) view. In CHARM, the representations of target items differ between encoding conditions only in the degree of similarity between the target items and the context. According to Craik and Lockhart, on the other hand, the processes leading to the formation of memory traces differ in nature and quality between encoding conditions. The similarity of the context to the items is not considered to be the major determinant of performance.
These two contrasting positions were tested in the two experiments reported in this article. Similarity of items was manipulated orthogonally to encoding task in an incidental cued-recall task. Identical items were used across encoding conditions. Subjects were presented with 80 pairs of words; both items in each pair rhymed and were semantically related. On the basis of ratings provided by independent judges, 40 of these pairs were of low phonemic and semantic similarity (e.g., Gorilla-Zebra). The remaining 40 pairs were rated high on both dimensions (e.g., Breast-Chest) and were used for the high-similarity condition.
These same pairs appeared in two conditions: The rhyme condition induced "shallow" encoding, and the category condition reflected a "deep" orienting task. In the rhyme condition subjects had to indicate whether or not the pair members rhymed, whereas in the category condition subjects had to decide whether or not both items shared a common category. The design of both experiments thus was a 2 (encoding condition) X 2 (similarity) completely with in-subjects arrangement. The effect of similarity was evaluated between pairs of items and the effect of encoding condition was evaluated within pairs of items but across subjects. Every subject responded to all 80 pairs during the orienting task. Half of the orienting list required the category (deep) judgment; the other half required the rhyme (shallow) judgment. Incidental memory for the pairs was measured through cued recall after presentation of the orienting list. The major difference between experiments was the set of stimuli that was used.
According to Eich's implementation of the levels-of-processing effect, performance on identical items presented in the same context should not differ between levels of processing, because the item-to-context similarity remains unchanged between conditions. The levels-of-processing view, on the other hand, must make the prediction that memory performance would vary with levels of processing, even if the items remain unchanged. Furthermore, Eich's view certainly, and perhaps also the levelsof-processing approach, would predict that memory performance should be better for item-context pairs that are highly similar to each other than for pairs that are less similar.
Experiment 1 Method Stimulus Selection
An initial pool of 150 pairs of words was generated. Items within a pair both rhymed and shared a common semantic category. Category membership was determined on the basis of the Toronto Categorized Wordpool (Murdock, 1976) and the Battig and Montague (1969) norms, whereas the presence of a rhyme was established by the authors' judgment. An additional 10 pairs of semanticaily unrelated items, which also did not rhyme, were added to this list. The pairs were then given to judges for ratings of similarity.
One problem concerned how to ask judges to rate similarity, as the similarity judgments could vary on the basis of the criteria judges might decide to use. Furthermore, the relevant dimension of similarity (or the weightings of these dimensions) could be different in a rhyme-judgment than in a category-judgment task. This would have presented a problem in the present case, because the experiment compared performance across a rhyme and a category judgment, where the items had to be of approximately equal similarity in both tasks. Therefore, we decided to ask three separate groups of four judges each to rate similarity on different dimensions. The judges were graduate students in psychology.
One group of judges was asked to rate each pair only on the degree of semantic similarity between pair members, a second group was asked to rate each pair only on the degree of phonemic similarity, and the third group was asked to provide a global similarity rating using as many criteria as possible. Each judge received the pairs in a different random order and rated each pair on a scale of 0 (completely dissimilar) to 7 [extremely similar).
The correlations between judges ranged from .38 to .66 for semantic similarity, from .52 to .71 for phonemic similarity, and from .43 to .68 for global similarity. The correlations between groups of judges (from the mean rating for each item in a group), in turn, ranged from .52 (phonemic and semantic), .76 (global and phonemic), to .79 (global and semantic).
The ratings for each of the 150 pairs (discarding the 10 unrelated pairs) were averaged across judges lo obtain an overall similarity score. The 40 pairs of items that were given the highest overall mean ratings and the 40 pairs of items that were given the lowest overall mean ratings were selected for the experimental orienting list. The high-similarity set of pairs had mean ratings of 5.63 for semantic similarity, 5.47 for phonemic similarity, and 4.92 for global similarity. The low-similarity set of pairs had mean ratings of 3.71 for semantic similarity, 3.76 for phonemic similarity, and 3.34 for global similarity. The high-and lowsimilarity pairs and the mean ratings for each group of judges and across groups of judges for each pair are presented in Appendix A.
Subjects and Arrangement of Material
A total of 18 undergraduates participated in the experiment and were given credit toward Ihe completion of a course requirement. The orienting list was presented on an IBM Personal Computer, which also scored subjects' responses and response times(RTs)to the orienting judgments. During testing, subjects were seated in a sound-attenuating Industrial Acoustics chamber.
Each subject responded to all 80 pairs. Half of the pairs were presented in the category-judgment condition, the other half in the rhyme judgment condition. Pairs in an encoding condition were presented blocked: That is, all pairs requiring a category judgment were shown one after another and the rhyme judgments were also shown together. Across subjects, the order of encoding conditions was counterbalanced. Category judgments preceded rhyme questions in the orienting list as often as rhyme judgments preceded category questions. Within an encoding condition the presentation order of the particular set of pairs was randomized separately for each subject without regard to the similarity status of a pair.
Within each encoding condition, 20 pairs were highly similar and the other 20 were taken from the low-similarity pool. Assignment of items to encoding condition was determined randomly for every second subject. The other (yoked) subject, who did not receive a new random selection, responded to items in the other encoding condition. Thus, it was ensured that every item pair-regardless of its similarity-was also presented in the category encoding condition, if the pair had been allocated to the rhyme condition by a given randomization. Across the two yoked subjects, therefore, the same items appeared in both the rhyme and in the category conditions, and across pairs of yoked subjects every item pair had an equal chance of co-occurring with any other pair in the same encoding condition.
A random half of the 20 pairs in each similarity-encoding combination required a positive response ("yes"). These pairs consisted of the items the initial judges had performed their ratings on, and thus always rhymed and also shared a common category. The remaining 10 items in each of the cells required a negative response ("no"). For these items, the first member of a pair was combined with another item that neither rhymed with the first word nor shared the first word's category. Each pair in the pool had associated with it such a third negative item that was used whenever the pair was sampled for the negative condition. The negative items associated with each pair are also listed in Appendix A. The similarity factor was meaningless for negative pairs because items neither rhymed nor shared a common category. Across the two yoked subjects, the same items were assigned to negative and positive pairs. Across yoked pairs of subjects, a given pair had an equal chance of being either negative or positive. Each subject was thus presented with 10 positive pairs from each of the four cells of the 2x2 design. Each subject also responded to 10 negative pairs from each of the cells.
Procedure
Orienting list. Subjects received instructions in writing. Participants were told the purpose of the experiment was to provide norms for rhyme and category pairs and that their task was to decide on a pair's category membership or rhyming relation. Before receiving the experimental list, subjects responded to a 16-item practice list in the presence of the experimenter. Practice items were the same for all subjects, and the nature of the practice list was identical to that of the experimental list.
The subject initiated the experimental orienting list by pressing the space bar after the experimenter had left. Depending on counterbalancing, the first 40 pairs of the list either required the category judgment or the rhyme judgment. Following the first 40 pairs, the subject was informed that the other judgment was required for the next half of the list. The subject had to press the space bar again to proceed to the second set of 40 pairs.
For the pairs in the category judgment task subjects had to decide whether or not the two items shared a common category. To indicate a yes response (for a pair such as Hotel-Motel), the subject pressed the slash (/) key on the lower right of the keyboard. The backslash (\) key on the lower left of the keyboard was used for negative responses (HotelMoose). For pairs in the rhyme-judgment task-subjects had to decide whether or not the two items rhymed-responses were indicated by using the same keys.
Items for a pair were presented next to each other in the middle of the screen with a 2-cm blank space between pair members. Each pair remained on the screen until subjects responded, and the next pair was presented 400 ms after the response. Throughout presentation of 40 pairs in a given condition, an appropriate prompt (Category? or Rhyme?) was displayed at the upper left part of the screen. Following presentation of the last (80th) pair, the computer informed subjects that the experiment was over, and the experimenter returned for the surprise cued-recall test.
Cued recall. Subjects recorded their answers on a cuing sheet, which contained the left member of each pair with a response field next to it. The order of cues was randomized separately for each subject without regard to encoding condition, similarity, or response status. To avoid criterion problems, subjects were required to respond to every cue in 
Results

CuedRecall
Stimulus conditional. The principal cued-recall analysis was performed separately for pairs requiring a positive orienting response (we call these items positives) and pairs requiring a negative response (negatives). Positives were pairs that our initial judges had rated as being rhymes and sharing a category (regardless of their similarity), whereas negatives consisted of two items that in the authors'judgment were unrelated and did not rhyme. For this analysis the subjects' actual orienting responses to the pairs were not considered. That is, some observations were assigned to a positive condition although subjects might have responded "no" to these pairs. The upper panel of Table  1 presents the average stimulus conditional cued recall for positives and negatives separately.
For positives, recall was superior for the category-encoding condition (57%) as compared with the rhyme-encoding condition (35%). The 2X2 within-subjects analysis of variance (ANOVA) confirmed this difference as significant, F(\, 17) = 41.85,/; < Ml, MS* = 2.12. Similarity also had an effect, with high-similarity items leading to belter recall (63%) than lowsimilarity items (29%). That difference also was significant, F{ 1, 17) -147.82, p < .001, MS e = 1.35. In addition, the ANOVA showed that the interaction between encoding condition and item simiJarity was significant, F(\, 17) = 16.27, p < .001, MS K = 2.13. The interaction reflects the fact that the effect of encoding condition was attenuated for high-similarity items.
For negatives, the similarity factor was meaningless, and indeed no differences were observed between items that would have been highly similar had they been positives (9%) and items that would have been of low similarity (9%). Across levels of the encoding manipulation, however, striking differences were observed, with category encoding resulting in a recall accuracy of 16% as compared with rhyme encoding, which yielded 1% correct. A one-way within-subjects ANOVA showed that this difference was significant, F(\, 17) = 18.31, p < .001, MS« * 4.76.
Subject conditional. In addition, the cued-recall data were classified in a subject-conditional way. In this analysis, we only considered a subject's actual response on the orienting list. All pairs subjects responded "yes" to were grouped together (mirroring the aforementioned positives), and were compared to all pairs subjects responded to with "no." The lower panel of Table  1 presents the subject conditional data for yes and no responses separately. No ANOVAS were performed on the subject-conditional cued-recall data because each subject's entries were based on a different number of possible responses and because the pattern was identical to the stimulus-conditional data.
Guessing Rates
Because positive pairs in each condition both rhymed and $hared a common category, subjects had a good guessing strategy available to them during cued recall. To estimate the guessing rate, we calculated the number of instances in which subjects generated the "correct" word at recall when the cue word had actually been presented in a negative pairing on the orienting list (and in which the "correct" word had never been seen). An example of a "correct" guess would be if a subject recalled "Motel" given the cue Hotel, even though Hotel had been presented in a pair with Moose. Correct guesses for each condition are presented in the upper panel of Table 2 . Table 2 (upper panel) shows that a conservative baseline for the guessing rate is about 11% for high-similarity pairs and 1% for low-similarity pairs. Thus, the advantage of recall for highsimilarity pairs compared with low-similarity pairs seen in Table 1 should be qualified by the guessing rates presented in Table 2. If this is done, the overall advantage of high-similarity over low-similarity pairs is reduced somewhat. However, the guessing rates do not pose a problem for interpreting the advantage of cued recall following category judgments as opposed to rhyme judgments, because the guessing rate was higher for the rhyme condition. Thus, if a correction were made for guessing rate, the differences between encoding conditions would only be accentuated.
Response Times
During presentation of the orienting list, subjects' RTs were recorded. These RTs were classified by yes and no responses in the same manner as the foregoing subject-conditional recall data. Two measures of RT were computed: Untrimmed means were based on all available responses, whereas trimmed means were calculated by excluding observations whose RTs exceeded 10 s. This cutoff appeared to be fairly conservative, yet a total of 81 observations had to be dropped by this criterion. Table  3 presents both RT measures and their standard errors for all conditions separately for yes and no responses. The response times were not conditionalized on correct subsequent recall; they provide an estimate of the overall average processing time for each of the conditions.
Discussion
The present study found a highly significant effect of encoding condition. Deep semantic processing led to better recall than shallow phonemic encoding. Thus, the standard levels-ofprocessing effect remains largely unchanged even when the confounding of treatment and materials is removed. And, when compared to previous research, the effect was particularly large for items that required or received a no response at encoding; recall in the category encoding condition was almost 20 times higher than recall in the rhyme condition (59 vs. 3 items recalled).
For positives, the overall effect of encoding condition was not as striking as has been observed in previous studies. However, high-similarity items in the category condition were recalled six times better than low-similarity items in the rhyme condition; this comparison provides the proper parallel with previous studies (e.g., Craik & Tulving, 1975 ) that did not control similarity between encoding conditions. Our first experiment therefore replicated the magnitude of the difference obtained in previous studies if the diagonal entries in Table 1 are compared. And if the main effect of encoding is considered, the results are in clear disagreement with CHARM'S predictions. The very same items, whose nominal similarity must be the same, are recalled to greatly varying extents, depending only on the type of processing performed on them.
The first experiment also found a highly significant effect of similarity on memory performance. It appears that CHARM correctly predicts that similarity between pair members benefits cued-recall performance. This, does not, however, reflect on the appropriateness of the levels-of-processing view, because its proponents have never claimed that similarity would have no effect.
However, the obtained interaction between similarity and encoding condition is reason for some concern. If the effect of encoding task is considered separately for high-and low-similarity items, it turns out that the ubiquitous and powerful levels-ofprocessing effect has been reduced to an 8% difference for highsimilarity items. For low-si mi far ity items, on the other hand, the leveis-of-processing effect was quite large (35%).
Although we attempted to equate high and low similarity for both the semantic and phonemic dimensions of our stimuli, we cannot be sure how successful this manipulation was. Whereas the similarity ratings of the judges were numerically similar, the ratings of semantic and phonemic similarity may not be directly comparable. Even though the same 7-point scale was used in each rating task there is no guarantee that the numbers on the scales had the same meaning in the two tasks.
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Two aspects of the data suggest that, indeed, the manipulation of similarity was not equivalent for the semantic and phonemic dimensions of the stimuli. First, contrary to previous findings (e.g., Craik & Tulving, 1975 ) the mean yes response times for rhyme judgments were slower than mean yes response times for category judgments. This difference was particularly striking for low-similarity pairs, as was the discrepancy between trimmed and untrimmed RT means. This indicates that some of our low-similarity items resulted in extremely long response latencies. Second, comparison of the upper and lower panels of Table I shows that virtually half of all orienting responses to (positive) low-similarity rhymes were in fact negative. Thus, our subjects were not in complete agreement with our judges, which indicates that the quality of the rhymes for the low-similarity pairs was not wholly adequate. Experiment 2 was designed to correct this problem.
Experiment 2
Experiment 2 was identical to the first experiment but used a revised set of stimuli. A primary aim in revising the stimulus set was to improve the quality of the low-similarity rhymes. This should increase the agreement between our classification of pairs (into positives and negatives) and subjects' responses ("yes" or "no"), and should avoid extremely long RTs that would distort the pattern of means. 
Method Stimulus Selection
A total pool of 192 pairs of words was generated, which contained most of the items from the initial pool used in Experiment 1 plus additional rhyming items that also shared a common semantic category. A group of five undergraduate judges performed a binary classification of all pairs from the total pool on the basis of relative quality of the rhyme and the category membership. Judges had to classify a pair of words either as constituting a better rhyme than an exemplar for joint category membership (rhyme dominant) or as a better exemplar of category membership than rhyme {category dominant).
The final choice of 80 experimental pairs (40 high, 40 low) was made by the authors and guided by the judges' responses. In particular, an attempt was made to place as many rhyme dominant pairs as possible into the low-similarity group. A pair's rhyme dominance score corresponded to the number of judges that classified that pair as rhyme dominant. For the 40 low-similarity pairs (which included 11 pairs from Experiment 1) the average rhyme dominance was 2.92, whereas the 40 high-similarity pairs {23 old pairs) were of rhyme dominance 2.00.
To verify that high-and low-similarity pairs differed in semantic similarity six different undergraduate judges rated all items from the set of 80 (plus 10 unrelated, nonrhyming fillers) on the semantic dimension using a 7-point rating scale. High-similarity items received a mean rating of 4.93, whereas low similarity items were rated 3.17 on the average. That difference was significant, t(5) = 7,35, p < .0005. The 80 stimulus pairs for Experiment 2 are presented in Appendix B.
Subjects and Procedure
A total of 16 subjects, recruited from the University of Toronto community, participated in Experiment 2 for a remuneration of $5. The procedure was identical to that used in Experiment 1, with the exception that subjects had to perform a similarity-rating task on the stimuli after the cued-recall attempt. Half of all subjects had to rate the items for the goodness of their rhyme (contrary to Experiment 1, in which judges had to perform a phonemic similarity rating), the other half of subjects rated the goodness of category membership of the item pairs. Both rating tasks involved the usual 7-point scale, and also included 10 filler items.
Results
Rating Scores
We present the analysis of subjects' ratings of the stimuli first because it provides internal validation for the stimulus selection used in Experiment 2. The mean ratings for semantic similarity were 5.46 and 3.90 for high-and low-similarity items, respectively. This difference was significant, t{l) = 6.06, p < .0005. For the rhyme ratings, the means for high-and low-similarity pairs were 5.06 and 4.42, which were again significantly different, / (7) of pairs into low-and high-similarity items. Appendix B shows the category and rhyme ratings given to each pair by the experimental subjects.
Cued Recall
Stimulus conditional. For this analysis pairs were classified as positives or negatives in the same fashion as in Experiment I. The upper panel of Table 4 presents the average cued recall for positives and negatives separately.
For positives, a 2 x 2 within-subjects ANOVA confirmed that recall was better for the category encoding condition (57%) than for the rhyme condition (35%), F{1, 15) = 54.00, p < .0001, MS e = 1.50. The similarity effect (59% recall for high similarity; 33% for low) also was significant F( 1, 15) = 43.44, p < .0001, MS e -2.66. Contrary to the first experiment, however, no interaction was apparent, f\\, 15) < 1. This suggests that the stimulus selection had been improved over Experiment 1; the lowsimilarity rhymes in particular resulted in far better recall than in the first experiment.
For negatives, the large levels-of-processing effect of Experiment 1 was replicated, with category encoding resulting in better recall performance (11% as compared with the rhyme encoding, which yielded 2%). This difference was shown to be significant by a one-way within-subjects ANOVA, F\l, 15) = 22.01, p<.0003, MS C = 1.37.
Subject conditional. The lower panel of Table 4 shows the subject-conditional recall performance for Experiment 2 (excluding 12 orienting responses whose latencies exceeded 10 s). Two features of the data deserve attention: First, the pattern of the subject-conditional analysis was identical to that obtained by the stimulus-conditional analysis. Second, there was a good degree of correspondence between the subjects' responses (yes and no) in the orienting task and the positive and negative classification of the stimulus pairs.
Guessing Rates and Response Times
Guessing rates (shown in the lower panel of Table 2 ) were computed in the same fashion as for Experiment 1. As before, they indicate that the levels-of-processing effect is underestimated by the recall data, whereas the effect of similarity would be reduced if one adjusted for guessing.
The response times displayed in Table 5 were again classified by response ("yes" vs. "no"), We only present the trimmed means (excluding 12 response latencies exceeding 10 s, 7 of which were no), because the number of outliers was sufficiently small and because there was no relevant difference between the patterns of trimmed and untrirnmed means.
The data in Table 5 show that in this experiment, rhyme decisions were faster than category decisions, a result consistent with the findings of Craik and Tulving (1975) . Furthermore, the yes responses for category decisions were faster for high-similarity pairs than for low-similarity pairs. However, the similarity manipulation had no effect on the response times for rhyme decisions.
Discussion
Again it seems that a levels-of-processing effect is obtainable even if encoding manipulation is not confounded with stimulus selection or stimulus similarity. In contrast to Experiment 1, however, the effect of the manipulation of levels of encoding was equal for both high-and low-similarity items (about 22%). Furthermore, the response time data are in closer agreement with previous results. Overall, Experiment 2 constitutes a replication-indeed much cleaner and stronger-of the effects found in our first study.
General Discussion
The present experiments obtained an effect of encoding condition even though the target and its context were not confounded with the manipulation of the orienting task. This finding allays any fears prompted by Eich's (1985) simulations to the effect that the typical levels result might be an artifact of stimulus confounding.
CHARM
Our findings also have clear implications for CHARM*S (Eich, 1985) interpretation of the levels-of-processing effect-Eich equated differences in levels of processing with differences in similarity between the target and the cue. This approach could account for parts of the results of earlier studies, but the present experiments clearly show that it is not the whole explanation.
An alternative for CHARM would be to resort to functional rather than nominal similarity to explain the levels-of-processing effect. That is, one could argue that in our experiments the functional intrapair similarity for, say, Hotel-Motel was-despite our validation efforts-greater in the category-judgment than in the rhyme-judgment condition. By this interpretation, similarity would not be antecedent to mental processes but rather a result thereof, and CHARM'S explanation could be salvaged. However, we find this argument unacceptable because it severs CHARM'S connection to the empirical realm. Similarity could not be assessed empirically, which would render such an implementation as circular and untestable as the original levelsof-processing proposal.
Circularity by itself does not necessarily render a theory useless, as is shown by the persistent influence of the levels-of-processing framework. Contrary to that framework, however, Eich's (1985) CHARM implementation is not viable without contact with the empirical realm. This is because CHARM fails to predict an effect of encoding manipulation for negative orienting pairs. In previous studies, and indeed in our experiments, the effect on negatives has been clear and unambiguous. Thus, whereas a testable version of CHARM (using nominal similarity) may have been of some use even though it failed to account for negatives, a circular version of that model (resorting to functional similarity) would have less merit than the original levels-of-processing proposal, because that version of CHARM would still fail to explain negatives but would not even be testable.
In summary, we accepted Eich*s (1985) invitation that "ordered differences in the similarity parameter should be open to experimental verification" (p. 27) and ruled out similarity as the variable responsible for the levels-of-processing effect. It follows that the current version of CHARM'S analysis of levels of processing is inadequate and incorrect. It also appears that this version of CHARM is not salvageable by resorting to a concept of functional similarity. Do our experiments, therefore, unambiguously endorse the levels-of-processing framework and imply that there is no merit in a distributed memory approach to the levels phenomenon?
Levels of Processing
Although the present results provide support for the levels-ofprocessing framework, this view is also not without problems. Consider, for example, the data provided by Morris, Bransford, and Franks (1977) and Stein (1978) . Morris et al. found that. although semantic encoding was superior to rhyme encoding for a standard recognition test, rhyme acquisition was superior to semantic acquisition when a rhyming recognition test was used. That is, Train was recognized better than Eagle (given the encoding sentence frames "The had a silver engine" and " rhymes with regal," respectively) only when recognition was tested using the items presented at encoding. If rhymes of the words were instead used as targets, Legal would be recognized better than Pain. Similarly, Stein found that an encoding question concerning cases of letters resulted in better recognition than a semantic acquisition task when a case oriented recognition test was given. These findings demonstrate that semantic (or deep) processing need not always result in superior retention. As alternatives to the levels-of-processing framework Morris et al. and Stein suggested "transfer appropriate processing" and "precision of encoding," respectively.
Although the results of the Morris et al. (1977) and Stein (1978) studies are problematic for the levels-of-processing framework, they do not require that the concept of levels be entirely abandoned. If one considers recall performance between conditions that preserve the encoding context at test (e.g., rhyme-rhyme or semantic-semantic), the semantic encoding condition invariably leads to better performance than the phonemic conditions. Thus, both "transfer-appropriate processing" and the nature (or depth) of encoding are relevant (cf. Fisher & Craik, 1977) .
However, the results of Morris et al. (1977) and Stein (1978) , as well as the criticism of circularity, do show that Craik and Lockhart's original proposal (1972) requires theoretical clarification and a more precise formulation. A formulation of this type can only come from formal theoretical development, such as model building and simulations of theories. Perhaps, therefore, one should search for a different implementation of the levels-of-processing effect within the framework of distributed memory models. Craik and Lockhart (1986) state that "the CHARM model does appear to be on the right track. The holographic approach, the notion that stimulus properties interact with 'accumulated knowledge' to form new memory traces, the distributed nature of trace representation, the parallels between encoding and retrieval-all these aspects of the model fit current knowledge and beliefs, and we have no quarrel with them" (p. 360). We agree with Craik and Lockhart, and furthermore, we consider CHARM to be an elegant and powerful model. Indeed, the operations of convolution and correlation that form the basis of CHARM serve to accentuate those features of items that are similar at encoding and test. Thus, the operations of CHARM would appear to reflect the current views of the memory system emphasizing the distinctiveness of the memory trace and the importance of the interaction of information at the time of encoding and the time of test. In fact, CHARM'S operations constitute a natural implementation of the transfer-appropriate processing view of Morris etal.(1977) .
Alternative Distributed Memory Implementations
Therefore, although Eich's assumptions concerning how features of the target and context are encoded are clearly inadequate and cannot account for the interactions between encoding and retrieval observed in the present experiments, different assumptions within the same theory could, in principle, prove to be more successful. One possible modification consists of the assumption that at encoding the features representing an item are given more weight under deeper processing conditions. Success of retrieval would be a direct function of the weighting the features received at the time of encoding. 4 Note that this version of a distributed memory system would predict a levels-of-processing effect that is independent of the similarity between items and that depends only on the weighting (i.e., the amount of processing) given to an item's features at encoding. Orthogonal to the levels prediction, such a model could address similarity effects in the same way as Eich's (1985) CHARM implementation and could thus also account for the present data.
Indeed, using a modification of the matched filter model of Anderson (1973; see also Murdock, 1982) , which shares many basic assumptions with CHARM, Shaw (1986) has demonstrated that such an implementation successfully simulates the levelsof-processing effect reported by Craik and Tulving (1975) . However, unlike CHARM, Shaw's implementation can account for the effect on negatives.
Conclusion
We have demonstrated that a strong levels-of-processing effect can be obtained even if the stimulus material is not confounded with the encoding manipulation. Our data furthermore show that CHARM'S account of the levels-of-processing effect cannot be correct. However, we believe that a version of a distributed memory system-as, for instance, implemented by Shaw (1986) -may provide a viable, quantitative account of the levels-of-processing effect while also providing a natural mechanism for transfer-appropriate processing and other interactions between encoding and retrieval. 
